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Abstract Lectins are sugar-binding proteins that
mediate pathogen recognition and cell–cell interac-
tions. A rhamnose-binding lectin (RBL) gene and its
promoter region have been cloned and characterized
from snakehead Channa argus. From the transcrip-
tion initiation site, snakehead rhamnose-binding
lectin (SHL) gene extends 2,382 bp to the end of
the 30 untranslated region (UTR), and contains nine
exons and eight introns. The open reading frame
(ORF) of the SHL transcript has 675 bp which
encodes 224 amino acids. The molecular structure
of SHL is composed of two tandem repeat carbohy-
drate recognition domains (CRD) with 35% internal
identity. Analysis of the gene organization of SHL
indicates that the ancestral gene of RBL may diverge
and evolve by exon shuffling and gene duplication,
producing new forms to play their own roles in
various organisms. The characteristics of SHL gene 50
flanking region are the presence of consensus nuclear
factor of interleukin 6 (NF-IL6) and IFN-c activation
(GAS) sites. The results provide indirect evidence
that up-regulation of SHL expression may be induced
in response to inflammatory stimuli, such as lipo-
polysaccharide (LPS), interleukin 6 (IL-6), and
interferon gamma (IFN-c). The transcript of SHL
mRNA was expressed in the head kidney, posterior
kidney, spleen, liver, intestine, heart, muscle, and
ovary. No tissue-specific expressive pattern is differ-
ent from reported STLs, WCLs, and PFLs, suggesting
that different types of RBLs exist in species-specific
fish that have evolved and adapted to their
surroundings.
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Introduction
Lectins are a group of sugar-binding proteins that
recognize specific carbohydrate structures and agglu-
tinate various cells by binding to cell-surface
glycoconjugates (Tateno et al. 2001). They have
been classified into several lectin families depending
on their sequence similarities and sugar-binding
specificities (Kilpatrick 2002), such as galectin (Bar-
ondes et al. 1994; Kasai and Hirabayashi 1996),
C-type (Day 1994; Mitra and Das 2002), pentraxin
(Steel and Whitehead 1994; Gewurz et al. 1995), and
I-type and Lily-type (Powell and Varki 1995; Suzuki
et al. 2003). Rhamnose-binding lectins (RBL) were
purified from sea urchin (Anthocidaris crassispina)
and fish eggs, and exhibited two or three tandemly
repeated structures of carbohydrate recognition
domain (CRD), which have been regarded as one of
the lectin family (Ozeki et al. 1991; Tateno et al.
1998, 2001, 2002a; Hosono et al. 1999; Shiina et al.
2002; Lam and Ng 2002; Terada et al. 2007). Three
RBLs, named STL1, STL2, and STL3, were isolated
from eggs of steelhead trout (Oncorhynchus mykiss)
(Tateno et al. 1998, 2001). Chum salmon (Oncorhyn-
chus keta) eggs also contain three RBLs, namely
CSL1, CSL2, and CSL3, which correspond to STL1,
STL2, and STL3 with a high degree of sequence
identity (Shiina et al. 2002). However, only one RBL
(SAL) and two RBLs (WCL1 and WCL3) were
isolated from catfish (Silurus asotus) and white-
spotted charr (Salvelinus leucomaenis) eggs, respec-
tively (Hosono et al. 1999; Tateno et al. 2002a).
Molecular structure indicates that STL1, CSL1,
WCL1, and SAL have three tandemly repeated CRDs
that consist of about 95 amino acid residues, whereas
STL2, STL3, CSL2, CSL3, and WCL3 are composed
of two repeated CRDs. Though STL1 was detected in
several tissues and cells, such as spleen, thrombo-
cytes, blood leukocytes, ovary, and serum of
steelhead trout, the STL1 mRNA was restricted to
the liver. In contrast, the proteins and mRNAs of
STL2 and STL3 encoded were detected only in the
ovary (Tateno et al. 2002b, c). These characteristics
suggest that the ancestral gene of RBL has evolved to
play different biological functions in fish.
The physiological roles of RBLs have not been
clearly delineated. Studies indicated that STLs agglu-
tinated gram-negative and gram-positive bacteria by
recognizing the structures of lipopolysaccharide
(LPS) and lipoteichoic acid (LTA) on their surfaces,
and inhibited the growth of some bacteria (Tateno
et al. 2002d). Recently, a STL2-like lectin was found
bound in high concentration to the surface coat of
spores of Loma salmonae, a microsporidian parasite
(Booy et al. 2005). Moreover, two RBLs (PFL-1 and
PFL-2) were identified in the skin mucus of ponyfish
(Leiognathus nuchalis), which express solely in the
skin which is an important line of defense against
pathogens in fish (Okamoto et al. 2005). Therefore,
the biological functions of RBLs are fundamental not
only for oocyte maturation (Tateno et al. 2002c;
Galliano et al. 2003), but also for fish defense systems
(Lam and Ng 2002; Tateno et al. 2002d).
This work describes the isolation and character-
ization of a rhamnose-binding lectin gene (SHL) and
its promoter region from snakehead (Channa argus).
By analysis of SHL gene structure, we reveal the
phenomena of RBL gene exon shuffling, and discuss
the molecular evolution of the RBL family. The
expressive pattern indicates that different fish species
possess specific lectins to play important roles in self-
defense mechanisms and normal physiological
functions.
Materials and methods
Fish
Snakehead weighing about 250 g were purchased
from a local fish market in Wuhan, Hubei Province of
China, and maintained in an aquarium (25C) with
aerated water for 1 week before stimulation and
sampling. The tissues were carefully removed and
immediately stored in liquid nitrogen.
Homology cDNA fragment
Total RNA was extracted from the head kidney of
snakehead with Trizol (Invitrogen) according to the
manufacturer’s instructions. PolyA? RNA was pre-
pared using PolyATrract mRNA Isolation System
(Promega). The isolated mRNA from the head kidney
in snakehead stimulated with poly I:C was used as
tester, and control as driver.
By suppression subtractive hybridization (SHH), a
subtractive cDNA library was constructed with the
PCR-Select cDNA Subtraction Kit (Clontech).
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Through screening and sequencing colonies from the
subtractive cDNA library, one cDNA fragment which
was 570 bp in length was found to be homologous to
known RBL genes.
Cloning SHL cDNA sequences by RACE-PCR
Full length cDNA was synthesized using the BD
SMARTTM RACE (Rapid Amplification of cDNA
Ends) cDNA Amplification Kit according to the
manufacturer’s instructions. To recover the 50 seg-
ment of SHL cDNA, the primary PCR were
performed using the 50 UPM and SHL-R1 (Table 1).
The cycling protocol was as follows: 94C for 2 min,
followed by 10 cycles of 94C for 30 s, 65C for
30 s, and 72C for 45 s, with the annealing temper-
ature lowered by 1C for each cycle, and 25 cycles of
94C for 30 s, 55C for 30 s, and 72C for 45 s,
followed by 72C for 6 min. The secondary PCR was
carried out with the 50 nested primer and SHL-R2, and
1 ll of the primary PCR mix, with a cycling protocol
of: 94C for 2 min, then 30 cycles of 94C for 30 s,
57C for 30 s, and 72C for 45 s, followed by 72C
for 6 min.
Total RNA sample for 50 RACE was used to
synthesize a first strand cDNA. PolyA? RNA was
reverse transcribed to cDNA with Adapter-dT17
primer. PCR conditions and protocols were as
described in 50 RACE using the 30 adapter primer
and SHL-F1/F2, except for extending at 72C for
1 min.
Cloning SHL genomic sequence and promoter
region
Genomic DNA was purified from the muscle of
snakehead by the phenol-chloroform method. Based
on SHL cDNA sequence, the region of SHL gene
including introns was amplified using primer pair
SHL-GF/GR. PCR reactions were finished according
to BD AdvantageTM 2 PCR Kit (Clontech). The
cycling protocol was as follows: 94C for 2 min, 32
cycles of 94C for 30 s, and 68C for 3 min, followed
by 68C for 10 min.
Table 1 Primers used for
SHL gene cloning and
expression analysis
Name Sequence (50–30) Application
SHL-R1 ACCCGTTTCCCATCACACCT 50 RACE first round PCR
SHL-R2 CTCAGGCGATGAACAGTCCA 50 RACE second round PCR
SHL-F1 GCTGGTGCTGTTGATGTCGT 30 RACE first round PCR
SHL-F2 ACGCCACGACAAGAACACAT 30 RACE second round PCR
SHL-TF TGGTGCTGTTGATGTCGTCA Expression study
SHL-TR ATCCTGCCATTCCTGACCTC Expression study
SHL-GF GCTCTGTACAACCATGCTCTGCT Intron cloning
SHL-GR GATTCCCCTTGAGAGGATGCAGCAT Intron cloning
SHL-P1 GGGAGACCTGCATTCACAAGCAG Genome walking first round PCR
SHL-P2 AGCAGAGCATGGTTGTACAGAG Genome walking first round PCR
50 UPM CTAATACGACTCACTATAGGGCAAG
CAGTG-GTATCAACGCAGAGTCTA
ATACGACTCACTATAGGGC
50 RACE PCR
50 Nested primer AACGCAGAGTACGCGGG 50 RACE PCR
30 Adaptor GGCCACGCGTCGACTAGTAC 30 RACE PCR
Oligo dT adapter GGCCACGCGTCGACTAGTACT17 First strand cDNA synthesis
AP1 GTAATACGACTCACTATAGGGC Adaptor primer
AP2 ACTATAGGGCACGCGTGGT Nested adaptor primer
b-actin-F CACTGTGCCCATCTACGAG RT-PCR control used in
expression
b-actin-R CCATCTCCTGCTCGAAGTC RT-PCR control used
in expression
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The 50 flanking region was obtained using a
genome walking approach by constructing genomic
libraries with Univeral Genome WalkerTM Kit (Clon-
tech). A pair of primers, SHL-P1/P2, was designed
from the 50 end of SHL cDNA, priming upstream
amplification through two rounds of PCR. The
primary PCR was as follows: 94C for 2 min,
followed by 6 cycles of 94C for 30 s, 72C for
3 min with the annealing temperature lowered by 1C
for each cycle, and 30 cycles of 94C for 30 s and
67C for 3 min, followed by 67C for 10 min. The
secondary PCR was carried out with 1 ll of the
primary PCR mix: 20 cycles of 94C for 30 s and
67C for 3 min, followed by 67C for 10 min.
T-cloning, sequencing and database analysis
The PCR products were separated on a 1.2% agarose-
ethidium bromide gel, purified from the gel (Omega)
and ligated into T-vector (Takara). All sequences
generated were used to search for similarities using
BLAST at web servers of the National Center of
Biotechnology Information. The multiple sequence
alignments and unrooted phylogenetic tree were
constructed using the ClustalW 1.8 program and
MEGA version 3.1 (Thompson et al. 1994; Kumar
et al. 2004). The sequences of SHL 50 flanking region
were analyzed by TRANSFAC software for potential
transcriptional factor binding sites (Wingender et al.
2000).
Tissue expression
Adult female and male snakehead weighing about
500 g were cultured in an aquarium with aerated
water for 1 week. Tissues were collected from
female and male snakehead, three fish per sex.
Total RNA was extracted from head kidney,
posterior kidney, spleen, liver, intestine, heart, gill,
brain, muscle, peripheral blood, ovary, and testis.
They were treated with DNase I, and reverse
transcribed to cDNA. The cDNA templates from
three fish were mixed together, 2 ll were used for
50 ll PCR reaction after appropriate dilution. The
primer pairs, SHL-TF/TR and b-actin-F/R, were
used to amplify fragments of 550 bp for SHL and
200 bp for b-actin, respectively. PCR conditions
were as follows: 94C for 2 min, 26 cycles of 94C
for 30 s, 57 for 30 s, and 72C 45 s for SHL and
30 s for b-actin, followed by 72C for 6 min.
Results
Isolation of SHL cDNA sequence
The SHL cDNA were obtained through 50 RACE and
30 RACE using gene specific and 50 or 30 adapter
primers. The overlapping sequences from two PCR
products allowed the compilation of a full-length
cDNA from the CAP site to the poly(A) tail of
1,148 bp (Genbank accession no. EU693900). SHL
cDNA contains an open reading frame (ORF) of
675 bp that translates into a 224 aa putative peptide,
with a 40-bp 50 untranslated region (UTR) and a 433-
bp 30 UTR (Fig. 1). The 30 UTR has two ATTTA
sequences which is a characteristic motif possibly
involved in rapid message degradation. Moreover,
two polyadenylation signal (AATAAA) present 172
and 392 bp downstream of the termination codon.
Analysis of SHL protein sequence
Compared with the reported fish RBLs, SHL exhibits
43% and 34% identity to steelhead trout STL2 and
STL3, and 33% identity to white-spotted charr WCL3
and ponyfish PFL1. The calculated molecular mass of
the SHL is 24 kDa. Sequence analysis of SHL shows
the presence of a short N-terminal hydrophobic
region which forms a leader peptide. Moreover,
SHL has two tandemly repeated CRDs that consists of
about 95 aa residues. There is 35% of sequence
identity between N-terminal CRD (Gly20 to Ile120)
and C-terminal CRD (Thr121 to Lys214). The CRDs
motif of SHL can be characterized by the highly
conserved 8 half-Cys residues and two highly con-
served segments, Tyr-Gly-Arg and Asp-Pro-Cys
(Fig. 2).
To better understand the reciprocal relationship of
RBL CRDs, a phylogenetic tree was constructed
based on the aa sequences of 21 CRDs from 9 RBLs
in 6 fish species (Fig. 3), which shows four distinct
clusters that reflect the evolutionary process of RBL
CRDs. The N-terminal CRD of SHL belongs to
cluster II, whereas the C-terminal CRD of SHL
belongs to cluster IV and forms a clade with PFL-N/C,
SAL-M/C and OLL-N/C.
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Genomic structure and 50 flanking region of SHL
From the first transcription initiation site, SHL gene
extends 2,382 bp to the end of the 30 UTR, and
contains nine exons and eight introns (Genbank
accession no. EU693901). The first 40 bp of exon 1
are untranslated. Leader peptide is encoded by exon 1
and 2. The N-terminal CRD is encoded mainly by
exon 3, 4 and 5, the C-terminal CRD is encoded
mainly by exon 6, 7 and 8 (Fig. 4).
The sequence of SHL gene 50 flanking region was
submitted to GenBank with its gene. The transcription
initiation site was determined by previous sequencing
of the full length SHL cDNA. More than 1.8 kb of
SHL 50 flanking region was sequenced upstream of the
start of transcription through genome walking (partial
in Fig. 5). Computer-assisted search using the
TRANSFAC program revealed a number of potential
binding sites for transcription factor. A canonical
TATA box is located from -25 to -30 upstream of
the transcription initiation site. A Sp1 site presents
from -42 to -53. Two consensus binding motifs
(TKNNGNAAK, K = G/T) for nuclear factor of
interleukin 6 (NF-IL6) located from -571 to -578
and -677 to -684. Two binding sites for putative
NF-jB transcription factor were found between -170
and -180, and -610 and -629, which are slightly
different to classical NF-jB binding site consensus
(GGGRNNYYCC, R = A/G, Y = T/C). Four con-
sensus elements (TTNCNNNAA) of IFN-c activation
site (GAS) were located from -212 to -221, -244 to
-253, -351 to -360, and -442 to -351. Moreover,
there were the putative binding sites for Sp1, GATA-3
and ELF-1.
Fig. 1 The nucleotide and
amino acid sequences of
SHL gene (Genbank
accession nos: EU693900).
Exons are in uppercase
letters, the translation of
exon-coding regions are
also given. The start and
stop codons for translation
and the splicing sites
between exons and introns
are shaded. The RNA
instability motifs and
polyadenylation signal are
shown in italic. Putative
leading peptide is marked
with double underlines.
Two tandemly repeated
CRDs are in bold
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Expression studies
The detected result of tissue distribution indicates
that SHL gene is transcribed mainly in head kidney,
intestine, heart, muscle, ovary, and especially in the
liver (Fig. 6). A low expressive level was detected in
posterior kidney and spleen. No SHL transcription
signal was detected in the remaining analyzed tissues,
including gill, brain, peripheral blood and testis.
These results suggest that SHL gene has no tissue-
specific expression pattern.
Discussion
It is noticeable that most reported RBLs were isolated
from various fish eggs, such as Salmonidae (Tateno
et al. 1998, 2001, 2002a; Shiina et al. 2002), Siluridae
(Hosono et al. 1999), Cyprinidae (Lam and Ng 2002),
and Scombridae (Terada et al. 2007). However, two
RBLs were identified in skin mucus from ponyfish,
which was expressed specifically in the skin (Okam-
oto et al. 2005). In the present study, SHL gene was
screened and identified directly from the head kidney
of snakehead through SSH. The SHL cDNA encodes
224 aa residues with two tandemly repeated CRDs.
The molecule characteristics of SHL show that it is a
member of the RBL family. Though SHL displays
low sequence similarity with those reported in other
teleosts, the SHL CRD motif can be characterized by
the highly conserved 8 half-Cys residues at the
homologous position. The presence of disulfide
linkages formed by eight half-Cys residues supports
the stabilities of RBLs (Tateno et al. 1998, 2001).
SHL also contains two highly conserved peptide
segments, Tyr-Gly-Arg and Asp-Pro-Cys, which
relate to rhamnose recognition activity (Tateno
et al. 2002a). Moreover, SHL has a consensus
sequence (Asn-X-Thr) at 114th–116th residues for
N-linked glycosylation site. The sugar chains of
glycoproteins have been shown to modulate and
stabilize protein secondary structures, facilitate pro-
tein–protein interactions, and mediate intercellular
transport of polypeptides (Varki 1993; Matsubara
et al. 2005). The phylogenetic tree shows that RBL
CRDs in N-terminal, Middle, and C-terminal form
four functional clusters and are not obviously differ-
entiated among fish species. This result suggests that
different types of RBLs may share a common
ancestor gene, and evolved in tandem during their
evolutional process.
Genomic sequencing of model animals such as
vertebrates (Homo sapiens) and invertebrates (Dro-
sophila melanogaster, Caenorhabditis elegans) have
Fig. 2 Multiple alignments of RBL CRDs using ClustalW
program. The RBL CRDs motifs are shown in boxes, the highly
conserved half-cysteine residues are in bold. SHL snakehead
(Channa argus) lectin, STL steelhead trout (Oncorhynchus
mykiss) egg lectin, SAL catfish (Silurus asotus) egg lectin, WCL
white-spotted charr (Salvelinus leucomaenis) egg lectin, PFL
ponyfish (Leiognathus nuchalis) lectin, OLL shishamo smelt
(Osmerus lanceolatus) egg lectin
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revealed that a number of RBL CRD-like domains
are widely distributed in various organisms (Tateno
et al. 2002a). In this study, SHL gene was split into 9
exons and 8 introns. It is interesting that two CRDs
were located in three exons, respectively, and the size
of each exon also indicates comparability. These data
support the idea that the ancestral gene of RBL
diverged and evolved by exon shuffling and gene
duplication, producing new forms to play their own
roles in various organisms, such as STLs and WLCs
(Tateno et al. 2001, 2002a). Despite the progress that
has been achieved in identification of fish RBLs, the
promoter of the RBL gene has not been reported in
fish species. The TATA box found in SHL promoter
is a basic element of promoter. The characteristic
presence of putative NF-IL6 and GAS binding sites in
the SHL promoter region may be considered as
indirect evidence that SHL mRNA expression is
induced in response to several inflammatory stimuli,
such as LPS, interleukin 6 (IL-6), and interferon
gamma (IFN-c) (Tanaka et al. 1995; Tateno et al.
2002d). The putative Sp1 and NF-jB binding sites
are ubiquitous in some immune gene promoters
(Matsumoto et al. 1999), but further functional
studies will be necessary to determine whether these
elements participate in the regulation of SHL gene
expression.
The transcripts of SHL mRNA were detected in
head kidney, posterior kidney, spleen, liver, intestine
and heart, muscle, and ovary. No tissue-specific
expressive pattern is different from reported white-
spotted charr WCLs, steelhead trout STLs and
ponyfish PFL (Tateno et al. 2002a, b; Okamoto
et al. 2005). The expression pattern of snakehead SHL
gene indicates that different types of RBLs should
exist in specific species of fish that have evolved and
adapted to their surroundings. It is known that STL1
is located in various tissues and cells such as the
spleen, thrombocytes, and leukocytes, which partic-
ipate in immune responses through the recognition of
bacterial components (Tateno et al. 2002c). In this
study, snakehead SHL mRNA expresses not only in
Fig. 3 A phylogenetic relationships of RBL CRDs. The
bootstrap confidence values shown at the nodes of the tree
are based on 1,000 bootstrap replications. The CRD located in
the N-terminal, middle, and C-terminal regions represented by
N, M, and C, respectively. SHL snakehead (Channa argus)
lectin, STL steelhead trout (Oncorhynchus mykiss) egg lectin,
SAL catfish (Silurus asotus) egg lectin, WCL white-spotted
charr (Salvelinus leucomaenis) egg lectin, PFL ponyfish
(Leiognathus nuchalis) lectin, OLL shishamo smelt (Osmerus
lanceolatus) egg lectin
Fig. 4 Schematic
representation of SHL gene.
Exons are numbered
(below) and labeled (above)
with the size of encoding
region (in aa). White boxes
represent 50 and 30
untranslated reigon.
Putative leading peptide
(LP), the C-terminal and N-
terminal CRD (CRD-N and
CRD-C) are indicated
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ovary and several immune tissues, but also in
intestine, heart, and muscle; the features of tissue
distribution suggests that SHL should also have a
likely role in normal physiological functions. This
work will further help characterize fish RBL family
members and understand the evolution of RBL
family. Identification of regulatory elements of SHL
gene should help elucidate its potential physiological
role in vivo. However, its function and interaction
with other cytokines require further investigation.
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